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Abstract 
In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 
Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge
of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 
On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 
Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 
According to recent studies, early and clearly defined customer’s demands and provider’s demands are necessary elements for the future success 
of a product. Product profiles within the scope of ASD – Agile Systems Design describe these demands. As product characterizations in the early 
development phases, product profiles do not anticipate the technical realization of the product, but rather model customer’s benefits and provider’s 
benefits as use cases, requirements and boundary conditions and thus include value-added product attributes. By this, product profiles represent 
the interdisciplinary design objective and form the core of the related generation of business models. However, there is a lack of a suitable 
methodology to systematize the generation of product profiles. There are no approaches that allow the consideration of corresponding reference 
products in the context of PGE – Product Generation Engineering when generating product profiles. Starting with a retrospective study, more 
than 100 product profiles and their development in three Live-Labs with industrial participation as well as three industrial innovation projects are 
analyzed. Based on this a definition of product profiles is derived and a product profile scheme to model profiles is introduced. Furthermore, the 
different modules as elements of product profiles are explained. 
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1. Introduction 
History shows, that being successful in the market not only 
depends on a good idea. Neither does just listing to customer’s 
needs lead to a successful product. A very well-known example 
of such a failure is the Ford Edsel. In contrast to competing 
companies such as e.g. GM, Ford did not select the market ac-
cording to lifestyle, but rather according to income classes [1].
A midsize car w s eveloped for which the customer would be 
willing to spend more money o . The r ult was a disaster. The 
Ford Edsel's complicated design did not address the eeds of 
the masses due to the misunderstanding f customers  
caus d the company severe losses [2]. The xample shows that 
a holistic understanding of all relevant factors s crucial for the
succ ss of the product and various factors have to be taken i to
account especially at an early stage in the process of product 
developm nt. In ad tio  to a sufficient ifferentiation from 
competitors, high quality of the product and a clear identifica-
tion of suitable target markets, the early and continued consid-
eration of customer’s needs is decisive for the future success of 
the product [3]. Only if the product satisfies the customer's 
needs companies can take advantage of the potential to gain 
new ma ket shares by winning n w cu tomers. In ad ition to
the customer’s needs and user’s needs, an adequate, through 
implemented products realized pr vider’s benefit is a decisiv
factor for the economic success of a company [4]. The product 
profile from Alb rs follows this idea. Thinking in profiles was 
shown to be a success factor in an academic resear h enviro -
ment: In the Live-Lab IP – Integrated Product d velopment stu-
dents implement real d v lo ment tasks togeth r with industry
part ers. Profiles were shown to be one majo success factor 
for a holistic generation of requirements in past projects [5]. 
Furthermore, real development projects like the development 
of the dual- ass flywhe l showed the great pote tial of using 
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1. Introduction 
History shows, that being successful in the market not only 
depends on a good idea. Neither does just listing to customer’s 
needs lead to a successful product. A very well-known example 
of such a failure is the Ford Edsel. In contrast to competing 
companies such as e.g. GM, Ford did not select the market ac-
cording to lifestyle, but rather according to income classes [1]. 
A midsize car was developed for which the customer would be 
willing to spend more money on. The result was a disaster. The 
Ford Edsel's complicated design did not address the needs of 
the masses due to the misunderstanding of customers and 
caused the company severe losses [2]. The example shows that 
a holistic understanding of all relevant factors is crucial for the 
success of the product and various factors have to be taken into 
account especially at an early stage in the process of product 
development. In addition to a sufficient differentiation from 
competitors, high quality of the product and a clear identifica-
tion of suitable target markets, the early and continued consid-
eration of customer’s needs is decisive for the future success of 
the product [3]. Only if the product satisfies the customer's 
needs companies can take advantage of the potential to gain 
new market shares by winning new customers. In addition to 
the customer’s needs and user’s needs, an adequate, through 
implemented products realized provider’s benefit is a decisive 
factor for the economic success of a company [4]. The product 
profile from Albers follows this idea. Thinking in profiles was 
shown to be a success factor in an academic research environ-
ment: In the Live-Lab IP – Integrated Product development stu-
dents implement real development tasks together with industry 
partners. Profiles were shown to be one major success factor 
for a holistic generation of requirements in past projects [5]. 
Furthermore, real development projects like the development 
of the dual-mass flywheel showed the great potential of using 
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profiles in early development phases [6]. The claim for the pro-
file of the dual-mass flywheel was: „We need a system that 
makes the rotational irregularities caused by the internal com-
bustion engine during operation at low engine speeds (1000-
2800 revolutions) in the drive train controllable regarding 
NVH.” In an increasingly complex product development and a 
changing development environment the understanding of the 
product profile needs to be further developed. This paper intro-
duces an appropriate definition of product profiles to create a 
consistent understanding. In addition, the core elements of 
product profiles are described on the basis of many years of 
project experience from practice. This paper is intended to help 
developers in the process of product development to know and 
to model the elements they need to identify in order to generate 
the most complete and robust product profile possible.  
2. State of the Art 
2.1. The Innovation Process 
According to SCHUMPETER, innovation is the basis for en-
trepreneurial success on the market. In contrast to an invention, 
he links great economic importance to innovation [7]. For this 
purpose, it is necessary that the invention satisfies a demand 
situation in the market, to lead to successful market penetration 
and to become an innovation. Innovations differ in their degree 
of inventiveness, which means the share of new developed 
components [8]. The description of broad shares of new devel-
opment of real entrepreneurial product development projects is 
achieved by the approach of the PGE – Product Generation En-
gineering according to ALBERS. The two basic elements of this 
approach are on the one hand the understanding that new prod-
ucts are always developed on the basis of existing reference 
products or solutions, and on the other hand that when devel-
oping new product generations, the activities of Carryover Var-
iation (CV), Embodiment Variation (EV) and Principle Varia-
tion (PV) are systematically combined. The synthesis of sub-
systems of the new product generation based on subsystems of 
reference products can be described by these types of variation. 
EV and PV jointly represent the respective parts, which are 
newly developed in a product generation. Case studies have 
shown that possible motives for the use of different types of 
variation have direct effects on the design of validation sys-
tems, production systems as well as on the resulting develop-
ment risks and costs. This approach can also be applied to in-
dividual product development processes in which different de-
grees of maturity of prototypes are interpreted as generations 
of development [6]. Particularly in the synthesis of systems of 
objectives as well as in validation of systems of objects, PGE's 
way of thinking can reveal potential for optimization in a more 
focused way [9]. The product development can be understood 
abstractly as the continuous interaction of three systems within 
the system triple of product engineering (cf. Fig. 1.) [10]. Ac-
cordingly, the operation system, which includes developers, 
development resources as well as processes, methods and or-
ganizational knowledge, continuously synthesizes two differ-
ent systems - the system of objectives and the system of objects 
- throughout the entire development process. In addition to the 
final product, new information is constantly generated during 
the development process, which is the basis for new objectives. 
Additionally, throughout the process a large number of objects 
is produced continuously, which in turn leads to further infor-
mation. Objectives and various design objects cannot be de-
fined in their entirety in the development process. The three 
systems and their interaction are therefore subject to constant 
uncertainty, which means that processes have to be iterative, 
flexible and agile. Uncertainty results on the one hand from a 
lack of knowledge and on the other hand from a lack of defini-
tion as well as the necessity for a rational completion of the 
system architecture. Accordingly, uncertainty is to be counter-
acted by obtaining the necessary information (Fig. 1. State of 
Knowledge) and by making the necessary decisions to reify the 
solution space (Fig. 1. Solution Space). Based on the state of 
knowledge of the operation system, an initial system of objec-
tives can be synthesized which contains a first vague descrip-
tion of the product. At the beginning of the product develop-
ment process, the initial system of objectives provides the first 
basic objectives and the foundations for the development of the 
right product. By analyzing the system of objectives, a solution 
space can be defined, which represents the basis for a syntheses 
of objects. In the course of the development process, synthe-
sized objects are continuously analyzed, thereby enriching the 
state of knowledge and the system of objectives is steadily 
specified. The continuous analysis of the system of objectives 
leads to a successive concretization of the solution space [11]. 
In this model, the validation can be understood as the analysis 
of the system of objects with regard to the fulfilment of the sys-
tem of objectives. This analysis leads to a further gain of 
knowledge, which leads to an expansion of the state of 
knowledge and a further concretization of the system of objec-
tives. According to ALBERS, validation is the central activity in 
product development in addition to the creation, which leads to 
a targeted evolution of the system of objectives [11]. In dy-
namic markets, the innovation process is subject to many un-
certainties [12]. An approach for an adequate handling of these 
uncertainties is the ASD – Agile Systems Design (see Fig. 2.). 
Due to an increased agility in the process, the organization is 
able to react. ASD supports the developer during the innovation 
process as a holistic, structuring approach for the agile devel-
opment of mechatronic systems, the associated product strat-
egy, validation systems and production systems, consisting of 
principles, methods and processes of PGE. ASD is human-cen-
tred and supports the developer by means of methods and pro-
cesses of the PGE in a situation-based and needs-based manner, 
by conducting activities of product development simultane-












Figure 1: System Triple of Product Engineering Describing the Continuous Miti-
gation of Uncertainty by Information Gaining and Decision Making [11] 
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phase of Identifying Potentials, as the result of this phase is a 
validated product profile. [13]  
2.2. Identifying Potentials in early Stages of Product 
Engineering 
The phase Identifying Potentials is a key phase in ASD. 
Based on a broad understanding (result in the Analyze phase) 
of the system to be developed and its entire environment, the 
systematic identification of product profiles takes place in the 
phase Identifying Potentials. The product profiles are generated 
iteratively, are methodically validated (e.g. by a sounding 
board with potential users) and are extended. At the end of the 
phase, one product profile is selected together with the project 
customer, which is then technically implemented in the subse-
quent phases. This is also done iteratively by systematically us-
ing knowledge from previous generations in the sense of the 
PGE. The aim of the ASD is to build prototypes early on and 
validate them together with customers. In this way, further 
goals and wishes are derived, which are then integrated into the 
prototype in the subsequent process. As a result, the prototypes 
gradually gain maturity and functionality. ASD supports the 
developer with development methods that are tailored to the 
situation and requirements and generates a process that is ro-
bust against a high level of environmental dynamics. [13] 
The product requirements defined at this time form the sys-
tem of objectives of the product to be developed. Accordingly, 
the totality of the requirements already represents an abstract 
description of the solution [14]. LINDEMANN also names target 
planning as the starting point for successful work in product 
development [15]. In order to answer the crucial question of 
"what should be developed", precise and comprehensive 
knowledge of the current development situation is essential. 
The prerequisite for this is a situation-specific analysis of cus-
tomers, markets, competitors and products at the present time 
and for the future [16]. In order to systematically plan goals, it 
is necessary to deal with the development of alternative, possi-
ble, future models in order to be able to offer products and ser-
vices in line with the market in the future. The sales market, the 
own products, as well as those of the competition, the techno-
logical development and the wishes of the customers are there-
fore of upmost importance. According to PAHL and BEITZ, 
product planning is also of central importance for the degree of 
innovation of new products [17]. They highlight the fact that in 
this phase, the success of the subsequent product depends 
above all on the wishes and needs of the customers. The first 
step in product planning is the analysis of the situation, 
whereby impulses from the market, from other environments 
and from the company itself provide a first basis for a potential 
search for product ideas. Impulses from the market mainly refer 
to the economic position of the own product on the market, as 
well as technical advantages of direct competitor products and 
changed market needs or suggestions of the customers directly. 
Factors influencing the company's environment include eco-
nomic policies, the substitution of old technologies and new 
environmental requirements for existing products or processes. 
The impulses from the own company include aspects such as 
the use and introduction of our own research results and new 
production processes, various types of function expansions and 
a higher degree of diversification [18]. In summary, this phase 
includes the consideration of the provider's benefit as well as a 
precise analysis of customer needs and the market situation as 
well as an analysis of new potential technologies [19, 20]. 
3. Need for Research, Research Questions and Approach 
The initially presented example of Ford Edsel is not an iso-
lated case. The problem of modeling costumer, user and pro-
vider benefits and continuously validating product ideas, con-
cepts and prototypes in relation to them, poses a challenge to 
the developer. This article will outline a way to condense and 
model different benefits in an artifact. For this purpose, a uni-
form understanding of the product profile is to be developed. 
Therefore, the following research questions are to be answered:  
 How are product profiles understood in the context of 
ASD - Agile Systems Designs? 
 Which elements are part of product profiles? 
 How can a product profile be modeled? 
In order to answer the research questions, insights of product 
profiles from innovation projects that have been carried out at 
the Karlsruhe Institute of Technology (KIT) over the last 20 
years is applied [5]. The documentation covers 304 product 
profiles that were successfully presented to 12 project partners. 
An expert workshop with researchers from the field of innova-
tion management was held in order to generate a uniform defi-
nition of the term product profile. In the next step, case studies 
were conducted as part of the Live-Labs ProVIL - Product De-
velopment in the Virtual Idea Laboratory, IP - Integrated Prod-
uct Development and AIL - Agile Innovation Lab [13] to iden-
tify and cluster the elements contained in product profiles. 
From this a product profile scheme is derived, which represents 
the basis for a standardized modeling of product profiles.  
4. The Product Profile 
4.1. Definition of a Product Profile 
A product profile is a model of a number of benefits that 
makes the intended provider, customer and user benefits acces-
sible for validation and explicitly specifies the solution space 
for the design of a product generation. The number of benefits 
will be understood as a set of products and services, which are 
offered with the purpose of being sold to a customer and to pro-
vide benefits for him directly or indirectly - e.g. for users taken 
into account by him or for his customers. By describing the ac-
tual, with the respective product development status achieved 
intended provider, customer and user benefits, the product pro-
file can be validated by applying suitable methods against the 
Figure 2: The ASD – Agile Systems Design– Elements and Phases [13]
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profiles in early development phases [6]. The claim for the pro-
file of the dual-mass flywheel was: „We need a system that 
makes the rotational irregularities caused by the internal com-
bustion engine during operation at low engine speeds (1000-
2800 revolutions) in the drive train controllable regarding 
NVH.” In an increasingly complex product development and a 
changing development environment the understanding of the 
product profile needs to be further developed. This paper intro-
duces an appropriate definition of product profiles to create a 
consistent understanding. In addition, the core elements of 
product profiles are described on the basis of many years of 
project experience from practice. This paper is intended to help 
developers in the process of product development to know and 
to model the elements they need to identify in order to generate 
the most complete and robust product profile possible.  
2. State of the Art 
2.1. The Innovation Process 
According to SCHUMPETER, innovation is the basis for en-
trepreneurial success on the market. In contrast to an invention, 
he links great economic importance to innovation [7]. For this 
purpose, it is necessary that the invention satisfies a demand 
situation in the market, to lead to successful market penetration 
and to become an innovation. Innovations differ in their degree 
of inventiveness, which means the share of new developed 
components [8]. The description of broad shares of new devel-
opment of real entrepreneurial product development projects is 
achieved by the approach of the PGE – Product Generation En-
gineering according to ALBERS. The two basic elements of this 
approach are on the one hand the understanding that new prod-
ucts are always developed on the basis of existing reference 
products or solutions, and on the other hand that when devel-
oping new product generations, the activities of Carryover Var-
iation (CV), Embodiment Variation (EV) and Principle Varia-
tion (PV) are systematically combined. The synthesis of sub-
systems of the new product generation based on subsystems of 
reference products can be described by these types of variation. 
EV and PV jointly represent the respective parts, which are 
newly developed in a product generation. Case studies have 
shown that possible motives for the use of different types of 
variation have direct effects on the design of validation sys-
tems, production systems as well as on the resulting develop-
ment risks and costs. This approach can also be applied to in-
dividual product development processes in which different de-
grees of maturity of prototypes are interpreted as generations 
of development [6]. Particularly in the synthesis of systems of 
objectives as well as in validation of systems of objects, PGE's 
way of thinking can reveal potential for optimization in a more 
focused way [9]. The product development can be understood 
abstractly as the continuous interaction of three systems within 
the system triple of product engineering (cf. Fig. 1.) [10]. Ac-
cordingly, the operation system, which includes developers, 
development resources as well as processes, methods and or-
ganizational knowledge, continuously synthesizes two differ-
ent systems - the system of objectives and the system of objects 
- throughout the entire development process. In addition to the 
final product, new information is constantly generated during 
the development process, which is the basis for new objectives. 
Additionally, throughout the process a large number of objects 
is produced continuously, which in turn leads to further infor-
mation. Objectives and various design objects cannot be de-
fined in their entirety in the development process. The three 
systems and their interaction are therefore subject to constant 
uncertainty, which means that processes have to be iterative, 
flexible and agile. Uncertainty results on the one hand from a 
lack of knowledge and on the other hand from a lack of defini-
tion as well as the necessity for a rational completion of the 
system architecture. Accordingly, uncertainty is to be counter-
acted by obtaining the necessary information (Fig. 1. State of 
Knowledge) and by making the necessary decisions to reify the 
solution space (Fig. 1. Solution Space). Based on the state of 
knowledge of the operation system, an initial system of objec-
tives can be synthesized which contains a first vague descrip-
tion of the product. At the beginning of the product develop-
ment process, the initial system of objectives provides the first 
basic objectives and the foundations for the development of the 
right product. By analyzing the system of objectives, a solution 
space can be defined, which represents the basis for a syntheses 
of objects. In the course of the development process, synthe-
sized objects are continuously analyzed, thereby enriching the 
state of knowledge and the system of objectives is steadily 
specified. The continuous analysis of the system of objectives 
leads to a successive concretization of the solution space [11]. 
In this model, the validation can be understood as the analysis 
of the system of objects with regard to the fulfilment of the sys-
tem of objectives. This analysis leads to a further gain of 
knowledge, which leads to an expansion of the state of 
knowledge and a further concretization of the system of objec-
tives. According to ALBERS, validation is the central activity in 
product development in addition to the creation, which leads to 
a targeted evolution of the system of objectives [11]. In dy-
namic markets, the innovation process is subject to many un-
certainties [12]. An approach for an adequate handling of these 
uncertainties is the ASD – Agile Systems Design (see Fig. 2.). 
Due to an increased agility in the process, the organization is 
able to react. ASD supports the developer during the innovation 
process as a holistic, structuring approach for the agile devel-
opment of mechatronic systems, the associated product strat-
egy, validation systems and production systems, consisting of 
principles, methods and processes of PGE. ASD is human-cen-
tred and supports the developer by means of methods and pro-
cesses of the PGE in a situation-based and needs-based manner, 
by conducting activities of product development simultane-
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phase of Identifying Potentials, as the result of this phase is a 
validated product profile. [13]  
2.2. Identifying Potentials in early Stages of Product 
Engineering 
The phase Identifying Potentials is a key phase in ASD. 
Based on a broad understanding (result in the Analyze phase) 
of the system to be developed and its entire environment, the 
systematic identification of product profiles takes place in the 
phase Identifying Potentials. The product profiles are generated 
iteratively, are methodically validated (e.g. by a sounding 
board with potential users) and are extended. At the end of the 
phase, one product profile is selected together with the project 
customer, which is then technically implemented in the subse-
quent phases. This is also done iteratively by systematically us-
ing knowledge from previous generations in the sense of the 
PGE. The aim of the ASD is to build prototypes early on and 
validate them together with customers. In this way, further 
goals and wishes are derived, which are then integrated into the 
prototype in the subsequent process. As a result, the prototypes 
gradually gain maturity and functionality. ASD supports the 
developer with development methods that are tailored to the 
situation and requirements and generates a process that is ro-
bust against a high level of environmental dynamics. [13] 
The product requirements defined at this time form the sys-
tem of objectives of the product to be developed. Accordingly, 
the totality of the requirements already represents an abstract 
description of the solution [14]. LINDEMANN also names target 
planning as the starting point for successful work in product 
development [15]. In order to answer the crucial question of 
"what should be developed", precise and comprehensive 
knowledge of the current development situation is essential. 
The prerequisite for this is a situation-specific analysis of cus-
tomers, markets, competitors and products at the present time 
and for the future [16]. In order to systematically plan goals, it 
is necessary to deal with the development of alternative, possi-
ble, future models in order to be able to offer products and ser-
vices in line with the market in the future. The sales market, the 
own products, as well as those of the competition, the techno-
logical development and the wishes of the customers are there-
fore of upmost importance. According to PAHL and BEITZ, 
product planning is also of central importance for the degree of 
innovation of new products [17]. They highlight the fact that in 
this phase, the success of the subsequent product depends 
above all on the wishes and needs of the customers. The first 
step in product planning is the analysis of the situation, 
whereby impulses from the market, from other environments 
and from the company itself provide a first basis for a potential 
search for product ideas. Impulses from the market mainly refer 
to the economic position of the own product on the market, as 
well as technical advantages of direct competitor products and 
changed market needs or suggestions of the customers directly. 
Factors influencing the company's environment include eco-
nomic policies, the substitution of old technologies and new 
environmental requirements for existing products or processes. 
The impulses from the own company include aspects such as 
the use and introduction of our own research results and new 
production processes, various types of function expansions and 
a higher degree of diversification [18]. In summary, this phase 
includes the consideration of the provider's benefit as well as a 
precise analysis of customer needs and the market situation as 
well as an analysis of new potential technologies [19, 20]. 
3. Need for Research, Research Questions and Approach 
The initially presented example of Ford Edsel is not an iso-
lated case. The problem of modeling costumer, user and pro-
vider benefits and continuously validating product ideas, con-
cepts and prototypes in relation to them, poses a challenge to 
the developer. This article will outline a way to condense and 
model different benefits in an artifact. For this purpose, a uni-
form understanding of the product profile is to be developed. 
Therefore, the following research questions are to be answered:  
 How are product profiles understood in the context of 
ASD - Agile Systems Designs? 
 Which elements are part of product profiles? 
 How can a product profile be modeled? 
In order to answer the research questions, insights of product 
profiles from innovation projects that have been carried out at 
the Karlsruhe Institute of Technology (KIT) over the last 20 
years is applied [5]. The documentation covers 304 product 
profiles that were successfully presented to 12 project partners. 
An expert workshop with researchers from the field of innova-
tion management was held in order to generate a uniform defi-
nition of the term product profile. In the next step, case studies 
were conducted as part of the Live-Labs ProVIL - Product De-
velopment in the Virtual Idea Laboratory, IP - Integrated Prod-
uct Development and AIL - Agile Innovation Lab [13] to iden-
tify and cluster the elements contained in product profiles. 
From this a product profile scheme is derived, which represents 
the basis for a standardized modeling of product profiles.  
4. The Product Profile 
4.1. Definition of a Product Profile 
A product profile is a model of a number of benefits that 
makes the intended provider, customer and user benefits acces-
sible for validation and explicitly specifies the solution space 
for the design of a product generation. The number of benefits 
will be understood as a set of products and services, which are 
offered with the purpose of being sold to a customer and to pro-
vide benefits for him directly or indirectly - e.g. for users taken 
into account by him or for his customers. By describing the ac-
tual, with the respective product development status achieved 
intended provider, customer and user benefits, the product pro-
file can be validated by applying suitable methods against the 
Figure 2: The ASD – Agile Systems Design– Elements and Phases [13]
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actual provider, customer and user benefits. In addition, any 
conflicts of interest and potential for synergies between pro-
vider, customer and user benefits can be identified. Moreover, 
a product profile is the starting point for the development of a 
product generation as well as the basis for validation against 
which product ideas, product concepts, product models and the 
final product can be verified. Besides describing provider, cus-
tomer and user benefits, product profiles roughly outline the 
product; e.g. essential product attributes, which can be experi-
enced by the customer and functions of the future product, 
without completely anticipating its shape. Furthermore, the 
product profile also contains information on the essential 
boundary conditions of the product, such as existing reference 
systems or existing modular systems, which have to be con-
sistent with the product in development. In order to communi-
cate the product profile to internal and external stakeholders in 
the best possible way, its core contents are used as a product 
claim summarized in one sentence. As an essential element of 
innovation processes consistent with ASD, product profiles are 
a central factor of success in PGE. While they support compa-
nies in answering the question of which provider, customer and 
user benefits are to be realized by the future product, the sub-
sequent development of the product, which in a broad sense can 
also include accessories and service components, answers the 
question of how provider, customer and user benefits are to be 
technically realized. This essentially includes the definition or 
modeling of operating principles, (partial) functions and em-
bodiment of design and can be considered as the actual tech-
nical invention in its entirety. Subsequently, appropriate mar-
keting and sales strategies ensure that the product is optimally 
positioned on the market. Although there can be no guarantee 
of a product's success on the market, the use of validated prod-
uct profiles in combination with appropriate inventions and 
marketing and sales strategies increases the probability of mar-
ket success, since this enables the early and continuous in-
volvement of the perspective of the customer and the user in 
development projects [3]. In the development process, product 
profiles should usually be developed before the actual search 
for technical solutions. Ideally, in a specific development pro-
ject a certain variety of alternative product profiles is generated 
in order to identify the best possible product profile in the cur-
rent situation. For the development, different starting points are 
possible. It can be based on the analysis of existing reference 
products, on an existing business model or on a rather vague 
development theme. In addition, the development of product 
profiles can be systematically supported by various develop-
ment methods. Dependent on the development goal and the in-
itial situation of the development project, the describing ele-
ments contained in the product profile in the categories product 
description, providers’, users’ and customers’ benefit and 
boundary conditions have to be adapted to the specific situation 
and standardized for the current development process. This 
makes it possible in particular to weight the benefits of provid-
ers, customers and users on a project-specific basis. The prod-
uct profiles are validated during and after their development, 
with the help of the corresponding stakeholders. In particular, 
it is ensured that the descriptions of the benefits of provider, 
customer and user are accurate, whether or to what extent the 
expected market potential exists and whether the desired prod-
uct is in theory technically feasible, or which parts have to be 
newly developed in terms of the PGE. The latter can be used as 
basic information for assessing development risks. After the 
decision-making process, a product profile is usually selected 
and used as the basis for the further development process. By 
taking technical and economic perspectives into account, the 
product profile provides a systemic basis for arguments and 
discussion for all stakeholders involved in a development pro-
ject. As such, a product profile helps to establish a common 
understanding of the relevance and direction of a development 
project between different divisions such as strategy, develop-
ment, sales or production within the company. In this context 
product profiles bring added value by supporting the identifi-
cation of missing or contradictory information and ambiguities. 
On this basis, appropriate research can be conducted or suitable 
experts can be integrated. Product profiles are used in the same 
way as product requirement documents and functional specifi-
cations in early phases of development. In contrast to product 
requirement documents and functional specifications, how-
ever, product profiles focus primarily on prospects for use. This 
has several advantages. On the one hand, product profiles can 
be used at an earlier stage than product requirement documents 
and functional specifications. On the other hand, product pro-
files, in contrast to product requirement documents and func-
tional specifications, provide detailed information on the pro-
vider's benefit (e.g. the use of existing reference systems to re-
alize the desired product) and thus enable the early identifica-
tion of potentials for synergies and target conflicts between 
provider, customer and user benefits. In addition, the use of 
product profiles promotes a deeper understanding of customers 
on the part of design engineers, as they have to deal with spe-
cific customer needs rather than formalized requirements. This 
is especially true in the area of B2C customer relations, as de-
sign engineers are otherwise rarely in direct contact with end 
customers. As business models, product profiles strongly focus 
on customer benefits. While, however, business models make 
statements on the cost structure, revenue streams and the com-
panies value network, product profiles concentrate on the im-
plications of customer benefits for the product to be developed 
and on the integration of provider benefits, such as the use of 
reference systems, existing know-how or the increased use of 
existing production systems. In particular, provider benefits are 
not generally explained in detail when modeling business mod-
els, for example when using the Business Model Canvas - apart 
from financial flows. 
4.2. Modeling Product Profiles 
Based on a literature review, internal expertise and the iden-
tification of best practices generated from 304 product profiles 
developed in 12 joint projects with well-known partners (see 
Table 1), different modules for product profiles have been iden-
tified and clustered (see Figure 3). Particularly, 12 modules 
have been identified. Each module can be interpreted as an an-
alytical perspective and contains several sub-elements. 
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It needs to be considered that the sub-elements of the mod-
ules may vary depending on e.g. the development task, type of 
relation with the customer or the company’s sector. Addition-
ally, the sub-elements possess different level of validation. Fol-
lowing the strong empirical character of this study, a recon-
structed product profile from engineering practice (dual-mass 
flywheel of the first generation G1 1984) is shown in Fig. 3. 
Detailed and precise knowledge of this subject is available in 
particular because the main author was personally involved in 
the developments. [6]  
Product profile claim - The product profile claim states the 
main goal in a short form and provides a brief overview of the 
product. “We need a product, which < solution statement>.” 
Picture - The picture shows a brief sketch or icon to im-
prove communication. Like the product profile in general, the 
visualization does not explicate a technical solution. It may also 
contain a QR-Code and a link to link the product profile to other 
visualization methods, e.g. video clips. 
Initial product description - The description of the poten-
tial product provides a more detailed overview of the potential 
product. Usually it contains information as e.g. the product 
properties, the main functions of the product or the unique sell-
ing proposition (USP). 
Reference products - Reference products are key factors to 
increase development success. Potential reference products 
therefore are crucial for the product profile. Therefore, it may 
contain previous product generations, internal/external refer-
ence products, independent from their degree of maturity. 
Use case - The use case describes specific situations where 
the product provides a solution. It therefore e.g. may refer to 
the context in which the product is used or to the specific situ-
ation how the customer/user interacts with the product. 
Provider benefit -The provider benefit shows how the pro-
vider could profit from the development of the product. Thus, 
the provider benefit addresses factors e.g. the strategic benefits, 
fit to company’s culture or brand, addition to product portfolio, 
business models (incl. estimated revenues, costs and prices)
and resources or leveraged core competencies. 
Customer benefit - The customer benefit defines the target 
group and market segment. The customer benefit describes the 
problem to be solved from the customer’s perspective. Addi-
tionally, the customers benefit therefore shows how the cus-
tomer would benefit from the potential product. 
User benefit - Especially in B2B customer relations cus-
tomer and user may differ. While the customer decides whether 
a product should be ordered or not, users mainly interact with 
the product on an operational level. Since between customer 
and user often conflicting objectives exist, a separation into 
these different dimensions is key to target and solve these is-
sues. A brief example is the development of a truck seat. If only 
the customer’s perspective is considered, the development pro-
cess may focus on reducing the engineering and production ef-
fort. The resulting seat may not be ergonomic (user perspec-
tive) and thus lead to an increased illness rate of the user and 
consequently lead to negative results also for the customer as 
well. Thus, the user benefit describes the target group and the 
problems to be solved from the user’s perspective. Addition-
ally, the user’s benefit shows how the user would benefit from 
the potential product. 
Competitive context - The competitive context provides a 
brief overview of the competition landscape. Therefore, it con-
tains elements e.g. competitors, the market share distribution, 
the patent situation and competing products (incl. prices). 
Demand - The demand provides a brief overview of the de-
mand situation. Therefore, it contains elements e.g. the cus-
tomer and user description, their respective markets, the mar-
ket potential and market sizes, trends and scenarios. 
Figure 3: Product profile scheme (dual mass flywheel Generation G1 1984)
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actual provider, customer and user benefits. In addition, any 
conflicts of interest and potential for synergies between pro-
vider, customer and user benefits can be identified. Moreover, 
a product profile is the starting point for the development of a 
product generation as well as the basis for validation against 
which product ideas, product concepts, product models and the 
final product can be verified. Besides describing provider, cus-
tomer and user benefits, product profiles roughly outline the 
product; e.g. essential product attributes, which can be experi-
enced by the customer and functions of the future product, 
without completely anticipating its shape. Furthermore, the 
product profile also contains information on the essential 
boundary conditions of the product, such as existing reference 
systems or existing modular systems, which have to be con-
sistent with the product in development. In order to communi-
cate the product profile to internal and external stakeholders in 
the best possible way, its core contents are used as a product 
claim summarized in one sentence. As an essential element of 
innovation processes consistent with ASD, product profiles are 
a central factor of success in PGE. While they support compa-
nies in answering the question of which provider, customer and 
user benefits are to be realized by the future product, the sub-
sequent development of the product, which in a broad sense can 
also include accessories and service components, answers the 
question of how provider, customer and user benefits are to be 
technically realized. This essentially includes the definition or 
modeling of operating principles, (partial) functions and em-
bodiment of design and can be considered as the actual tech-
nical invention in its entirety. Subsequently, appropriate mar-
keting and sales strategies ensure that the product is optimally 
positioned on the market. Although there can be no guarantee 
of a product's success on the market, the use of validated prod-
uct profiles in combination with appropriate inventions and 
marketing and sales strategies increases the probability of mar-
ket success, since this enables the early and continuous in-
volvement of the perspective of the customer and the user in 
development projects [3]. In the development process, product 
profiles should usually be developed before the actual search 
for technical solutions. Ideally, in a specific development pro-
ject a certain variety of alternative product profiles is generated 
in order to identify the best possible product profile in the cur-
rent situation. For the development, different starting points are 
possible. It can be based on the analysis of existing reference 
products, on an existing business model or on a rather vague 
development theme. In addition, the development of product 
profiles can be systematically supported by various develop-
ment methods. Dependent on the development goal and the in-
itial situation of the development project, the describing ele-
ments contained in the product profile in the categories product 
description, providers’, users’ and customers’ benefit and 
boundary conditions have to be adapted to the specific situation 
and standardized for the current development process. This 
makes it possible in particular to weight the benefits of provid-
ers, customers and users on a project-specific basis. The prod-
uct profiles are validated during and after their development, 
with the help of the corresponding stakeholders. In particular, 
it is ensured that the descriptions of the benefits of provider, 
customer and user are accurate, whether or to what extent the 
expected market potential exists and whether the desired prod-
uct is in theory technically feasible, or which parts have to be 
newly developed in terms of the PGE. The latter can be used as 
basic information for assessing development risks. After the 
decision-making process, a product profile is usually selected 
and used as the basis for the further development process. By 
taking technical and economic perspectives into account, the 
product profile provides a systemic basis for arguments and 
discussion for all stakeholders involved in a development pro-
ject. As such, a product profile helps to establish a common 
understanding of the relevance and direction of a development 
project between different divisions such as strategy, develop-
ment, sales or production within the company. In this context 
product profiles bring added value by supporting the identifi-
cation of missing or contradictory information and ambiguities. 
On this basis, appropriate research can be conducted or suitable 
experts can be integrated. Product profiles are used in the same 
way as product requirement documents and functional specifi-
cations in early phases of development. In contrast to product 
requirement documents and functional specifications, how-
ever, product profiles focus primarily on prospects for use. This 
has several advantages. On the one hand, product profiles can 
be used at an earlier stage than product requirement documents 
and functional specifications. On the other hand, product pro-
files, in contrast to product requirement documents and func-
tional specifications, provide detailed information on the pro-
vider's benefit (e.g. the use of existing reference systems to re-
alize the desired product) and thus enable the early identifica-
tion of potentials for synergies and target conflicts between 
provider, customer and user benefits. In addition, the use of 
product profiles promotes a deeper understanding of customers 
on the part of design engineers, as they have to deal with spe-
cific customer needs rather than formalized requirements. This 
is especially true in the area of B2C customer relations, as de-
sign engineers are otherwise rarely in direct contact with end 
customers. As business models, product profiles strongly focus 
on customer benefits. While, however, business models make 
statements on the cost structure, revenue streams and the com-
panies value network, product profiles concentrate on the im-
plications of customer benefits for the product to be developed 
and on the integration of provider benefits, such as the use of 
reference systems, existing know-how or the increased use of 
existing production systems. In particular, provider benefits are 
not generally explained in detail when modeling business mod-
els, for example when using the Business Model Canvas - apart 
from financial flows. 
4.2. Modeling Product Profiles 
Based on a literature review, internal expertise and the iden-
tification of best practices generated from 304 product profiles 
developed in 12 joint projects with well-known partners (see 
Table 1), different modules for product profiles have been iden-
tified and clustered (see Figure 3). Particularly, 12 modules 
have been identified. Each module can be interpreted as an an-
alytical perspective and contains several sub-elements. 
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It needs to be considered that the sub-elements of the mod-
ules may vary depending on e.g. the development task, type of 
relation with the customer or the company’s sector. Addition-
ally, the sub-elements possess different level of validation. Fol-
lowing the strong empirical character of this study, a recon-
structed product profile from engineering practice (dual-mass 
flywheel of the first generation G1 1984) is shown in Fig. 3. 
Detailed and precise knowledge of this subject is available in 
particular because the main author was personally involved in 
the developments. [6]  
Product profile claim - The product profile claim states the 
main goal in a short form and provides a brief overview of the 
product. “We need a product, which < solution statement>.” 
Picture - The picture shows a brief sketch or icon to im-
prove communication. Like the product profile in general, the 
visualization does not explicate a technical solution. It may also 
contain a QR-Code and a link to link the product profile to other 
visualization methods, e.g. video clips. 
Initial product description - The description of the poten-
tial product provides a more detailed overview of the potential 
product. Usually it contains information as e.g. the product 
properties, the main functions of the product or the unique sell-
ing proposition (USP). 
Reference products - Reference products are key factors to 
increase development success. Potential reference products 
therefore are crucial for the product profile. Therefore, it may 
contain previous product generations, internal/external refer-
ence products, independent from their degree of maturity. 
Use case - The use case describes specific situations where 
the product provides a solution. It therefore e.g. may refer to 
the context in which the product is used or to the specific situ-
ation how the customer/user interacts with the product. 
Provider benefit -The provider benefit shows how the pro-
vider could profit from the development of the product. Thus, 
the provider benefit addresses factors e.g. the strategic benefits, 
fit to company’s culture or brand, addition to product portfolio, 
business models (incl. estimated revenues, costs and prices)
and resources or leveraged core competencies. 
Customer benefit - The customer benefit defines the target 
group and market segment. The customer benefit describes the 
problem to be solved from the customer’s perspective. Addi-
tionally, the customers benefit therefore shows how the cus-
tomer would benefit from the potential product. 
User benefit - Especially in B2B customer relations cus-
tomer and user may differ. While the customer decides whether 
a product should be ordered or not, users mainly interact with 
the product on an operational level. Since between customer 
and user often conflicting objectives exist, a separation into 
these different dimensions is key to target and solve these is-
sues. A brief example is the development of a truck seat. If only 
the customer’s perspective is considered, the development pro-
cess may focus on reducing the engineering and production ef-
fort. The resulting seat may not be ergonomic (user perspec-
tive) and thus lead to an increased illness rate of the user and 
consequently lead to negative results also for the customer as 
well. Thus, the user benefit describes the target group and the 
problems to be solved from the user’s perspective. Addition-
ally, the user’s benefit shows how the user would benefit from 
the potential product. 
Competitive context - The competitive context provides a 
brief overview of the competition landscape. Therefore, it con-
tains elements e.g. competitors, the market share distribution, 
the patent situation and competing products (incl. prices). 
Demand - The demand provides a brief overview of the de-
mand situation. Therefore, it contains elements e.g. the cus-
tomer and user description, their respective markets, the mar-
ket potential and market sizes, trends and scenarios. 
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Validation of the… through - Each sub-element of the 
other modules (e.g. Customer benefit) has a specific level and 
type of validation. While the lowest level of validation has the 
character of a hypothesis, the highest validation level could be 
interpreted as empirically proven. Sub-elements of the product 
profile validation are e.g. conducted market studies with re-
lated methodologies, e.g. expert interviews.  
Boundary conditions / framework - The boundary condi-
tions describe general constraints which cannot be directly in-
fluenced by the product developer. Thus, it may e.g. contain 
legal restrictions, standards or strategic relationships, which 
need to be considered. 
Product profiles and their elements are developed methodically 
following two approaches. In the top-down approach, a multi-
tude of claims is generated using creativity methods. These are 
evaluated and summarized and then enriched with data. The 
bottom-up approach involves a thorough investigation of the 
various elements. These are then summarized by a fitting claim. 
5. Findings  
In this contribution, a basic definition of a product profile 
has been introduced, which can be transferred to various pro-
jects. In the context of PGE and ASD in particular, a product 
profile is a powerful artefact for the early and consistent inte-
gration of the customer into the development process. In addi-
tion, a product profile provides two views of the validation. On 
the one hand, it is possible to validate various identified cus-
tomer’s, user’s and provider’s benefits regarding their rele-
vance. On the other hand, the product profile makes it possible 
to validate (subsystem-) solutions, ideas and prototypes against 
the modelled number of benefits. During the validation, it is 
possible to verify to what extent the product satisfies the actual 
needs of customers, users and providers. In addition, it was 
shown how a product profile can be modelled by the interaction 
of different elements. With the findings of this paper Schum-
peter's description of innovation can now be amplified with 
product profiles. According to this, an innovation is based on a 
product profile that is technically implemented by the invention 
and completed by successful market launch. 
6. Future Works 
Even though the resulting framework for the modeling of 
product profiles is based on vast empirical data and widely ac-
cepted literature, it must be further validated in industrial pro-
jects. Additionally, approaches for product profile modelling as 
a key activity of ASD need to be developed to guide the devel-
oper through a well-structured but agile process and by this en-
hancing the development success. Different channels to gener-
ate product profiles have to be considered. In addition, it must 
be understood how a systematic approach for the technical im-
plementation of product profiles in ASD by Intentional Forget-
ting of irrelevant objectives can be defined. Particular im-
portance is attached to looking ahead with the help of future 
scenarios. These describe consistent future worlds by linking 
future developments with particularly influential factors. How-
ever, there is a lack of mature and validated methods that make 
it possible to use scenarios to determine profiles in the long 
term. These potentials need to be further enhanced. Further-
more, methods for the selection of the most promising product 
profiles as well as the selection of the proper validation meth-
ods, the consequence analysis and relation to the context of 
System of Systems need to be addressed.  
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